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Preliminary and Short Report
ALLERGIC SENSITIZATION OF PLANTS (BEAN) TO A
SIMPLE CHEMICAL (COPPER SULFATE)
NAOMI M. KANOF, M.D.
A study was undertaken to investigate the
possibility of inducing in plants an allergic sen-
sitization, i.e., a specific, acquired alteration in
the capacity to react. The demonstrating of this
phenomenon in plant life, hitherto described so
extensively in animals, would be of incalculable
value to the biological sciences—both plant and
animal.
To demonstrate an allergic sensitization, it is
necessary first to establish that a certain reac-
tion (or degree of reaction, or time of reaction)
takes place on the first exposure of the test ob-
ject to a test substance, and then to demon-
strate an alteration in the type, degree or time
of reaction on subsequent exposure of the test
object to the same test substance.
EXPERIMENTAL
It was determined that alteration of degree of
reaction would be used initially as an indicator
of the altered capacity to react. Inherent in this
selection of a quantitative indicator is the pos-
sibility of the presence of a qualitative one, since
a qualitative difference could, by evidencing a
"greater" response, give the appearance of
demonstrating a quantitative difference.
The test object was the trifoliate leaf of the
mature* bean plant (Phoseolus vulqoris L. var.
Red Kidney), and the test substance was copper
sulfate, a known plant irritant, in a 1:500 dilu-
tion for the sensitizing application and a 1:1000
dilution for the challenging application. Copper
sulfate I : 500 regularly produced damage, or
"burn", 48 hours after first application; copper
sulfate 1:1,000 produced almost imperceptible
damage, if any at all, on first application. (Under
other conditions of temperature, humidity, soil,
etc., these particular dilutions may cause degrees
of reaction different from those obtained in the
present experiments.)
Of the extensive preliminary trials in experi-
mental design which included varying the tern-
* The experiments were begun 59 days after the
plants had been seeded.
perature, humidity, soil (some plants were grown
in nutrient-augmented water), dilution of cop-
per sulfate, site (top or bottom of leaf) and
manner of application (dropper, brush, immer-
sion) and the use of several types of controls
for specificity, the plants were basically divided
into two groups: I. those receiving an initial
application of copper sulfate 1:500 on one side
of mid-rib of two of the three leaflets of the leaf;
and receiving a challenging application of copper
sulfate 1:1,000 9 days later to the other side of
the mid-rib of the two previously treated leaflets
and to same side of the third leaflet (previously
untreated) ; and II. those receiving the test
dose of copper sulfate 1:1,000 on the same day,
in the same manner as group I but with no pre-
vious application of copper sulfate.
Several observations were made possible: 1.
the amount of injury or reaction caused by a
first application of a 1:500 dilution (primary
damage); 2. the amount of reaction caused by a
first application of a 1:1,000 dilution (primary
damage); 3. the amount of reaction caused by a
1: 1,000 dilution applied to a previously exposed
leaf (but different site); and 4. the amount of
reaction produced in a not-previously-exposed
leaf (in a not-previously-exposed plant).
Because it seemed possible that the primary
damage inflicted by the sensitizing dose might be
of such a nature as to permit damage by almost
any other substance subsequently applied (non-
specific sensitization), zinc sulfate 1:1,000 dilu-
tion was applied as a challenge dose in place of
copper sulfate 1:1,000 (and with varying
tchnies as with copper sulfate). No single reac-
tion to the application of zinc sulfate 1: 1,000
was encountered in leaves previously prepared
with copper sulfate. To further rule out the
possibility of a non-specific alteration, applica-
tion of physical trauma (gentle pounding of the
leaves with a steel brush) was applied to the
usual sensitizing sites of still another group of
plants; and the challenging dose of copper
sulfate 1:1,000 was applied 9 days later to the
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brush and tbe applications were apparently uni-
form (see Figs.). Unless otherwise noted, all
first applications were made on tbe right-hand
side of the mid-rib of the right-band and middle
leaflets; all challenging applications were made
on the left-hand side of the mid-rib (and usu-
ally on all three of the leaflets).
RE5ULT5
Fco. 1 Photograph taken 9 days after applica-
tion of sensitizing application of copper sulfate(sites labeled 1), and immediately prior to the
application of the challenging apphcation of copper
sulfate 1:1,000. Note that the left-hand leaflet
of each trifoliate lead had no sensitizing applica-
tion.
Fm. 2 Photograph taken 48 hours after apply-
ing challenging dose (sites labeled 2). .Sensitizingdose (sites labeled 1) had been applied 9 days
prior to eliciting dose application (and 11 days
prior to photograph). Note that sensitizing dose
had been apphed to only 2 of the 3 leaflets, and
that the challenging dose, applied to all 3 leaflets,
caused a response in all 3 (including the leaflet
not previously damaged).
test sites as in the foregoing studies. No non-
specific reactions were encountered.
All applications were made to the under-
surfaces of the leaf, and all test leaves were of
approximately the same age (second trifoliates).
The solutions were applied with a camel's hair
Sixty-six plantaf were tested. There was some
variation in degrees of reaction of different
plants and different leaves. However, the differ-
ence in reaction between the first "damaging"
application of copper sulfate 1:500 and that of
the challenging application of copper sulfate
1:1,000 was both apparent and significant.
Furthermore, as the photographs reveal, the
type of damage produced by the sensitizing
application and that of the challenging applica-
tion are not only of different magnitude for the
dose applied, but are also of different quality,
the challenged sites demonstrating a blurriness
in contrast to the sharply defined outlines of the
damaged venules of the sensitizing sites. These
"clinical" differences are presently being studied
histologically.
No attempt was made to study the incidence
of sensitization of this test plant to this test
substance since the desideratum at this time was
to induce as many reactions as possible in order
to demonstrate the phenomenon of sensitiza-
tion. However, it is estimated that about 80%
of the plants damaged with copper sulfate 1:500
and subsequently challenged demonstrated sen-
sitization.
Under the conditions obtaining in these ex-
periments, a uniform degree of "primary dam-
age" was effected by the application of copper
sulfate 1:500 to the under-surface of the leaf
of the bean plant; a similar application of copper
sulfate 1:1,000 produced no, or barely percep-
tible, damage. When a portion of the leaflet was
exposed to copper sulfate 1:500, a subsequent
application of copper sulfate 1:1,000 (to the
other side of the mid-rib of the same leaflet)
produced a degree of reaction significantly
greater than that effected by this dilution in
plants not previously exposed to the first appli-
cation. That this altered, increased capacity to
t Grateful acknowledgment is made to Harold F.
Winters, U. S. Department of Agriculture, Agri-
cultural Research Service, Beltsville, Maryland for
supplying much of the plant material and for his
botanical guidance.
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Fio. 3. Arrows indicate the sites of application of copper sulfate 1:1,000 to the leaflets
of a previously untreated plant. Photograph taken 48 hours after application, on the same
day as photograph in Figure 2.
react to copper sulfate 1:1,000 is specific—and
hence allergic—is evidenced by the fact that a
leaflet previously "damaged" by copper sulfate
1:500 reacted no differently to the application
of zinc sulfate 1:1,000 than did a previously "un-
damaged" leaflet; nor did a leaflet damaged
physically (wire brush) react differently to the
application of copper sulfate 1:1,000 than did a
previously undamaged leaflet.
All three leaflets of the bean leaf participate
in the altered reaction as can be seen in the
response to the challenging dose applied to the
third, previously untreated leaflet (Fig. 2).
These observations appear to indicate that
the leaf of the bean plant is capable of sensitiza-
tion (altered capacity to react). There is evi-
dence to suggest that this sensitization is specific,
and hence allergic.
Other than demonstrating specific acquired
sensitization of bean leaves to copper sulfate
1:500, only one small aspect of the nature of the
"spread" of sensitization was investigated, i.e.,
the demonstration of sensitization of the pre-
viously untreated leaflet of the trifoliate. Half
of each of two leaflets received the sensitizing
application; but the challenging dose which was
applied to all three leaflets produced the same
reaction in all. No attempt was made to chal-
lenge younger or older leaves of the same plant;
or to seek possible difference in sensitizability of
different branches of leaves; or to study the in-
fluence of maturity (fruit-bearing) on sensitiza-
tion; or the effect of limiting the sensitizing
application to only a portion of the leaflet, etc.
Investigation of the ability of different plant
species to become sensitized, and the case with
which such sensitization can be achieved, will
undoubtedly reveal a span as various as that en-
countered in animal sensitization. But the avail-
ability of succeeding generations of test objects
(not only the foliage but also the plants them-
selves), the opportunity to study pure "ccto-
dcrmal" tissue, to have a "tissue culture" in
vivo instead of in vitro and to be able to remove
for microscopic and biochemical study successive
portions of minimally altered vital, growing test
material, all may serve as a prelude to the basic
studies of genetic, nutritional, endocrinologic and
environmental influences on allergic sensitization
to simple chemicals, in plants and in animals.
5UMMARY
Experiments are reported on first attempts to
sensitize plant tissue in a manner analogous to
that accomplished in experimental sensitization
of animal and human tissue.
The results suggest that copper sulfate 1:500
is not only a primarily damaging agent, but also
a sensitizing agent.
The results further suggest that the induced
sensitization is both acquired and specific, hence,
by definition, allergic.
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